Summary The expression of nm23-H1 mRNA and protein was studied in colorectal cancers by Northern blotting and immunohistochemistry. All 21 colorectal cancers studied by Northern blotting had increased levels of nm23-H I mRNA relative to the adjacent normal colonic mucosa. Increased nm23-H I protein expression was also observed in all 36 colorectal cancer cases including those studied by Northern blotting. There was no significant correlation between nm23-HI expression and tumour histology, serosal invasion, lymphatic invasion, venous invasion, or lymph node metastasis. However, the expression of both mRNA and protein was significantly lower in tumours associated with liver metastasis than in those without such metastasis. These observations indicate that the nm23 gene may play a role in the suppression of liver metastasis of colorectal cancer.
The nm23 gene was originally identified by differential hybridisation between two murine melanoma cell sublines with low and high metastatic potential (Steeg et al., 1988a) . Subsequently, a high degree of sequence homology has been reported between nm23 and nucleoside diphosphate (NDP) kinase in several specieis, including humans, rats, insects and bacteria (Biggs et al., 1988; Kimura et al., 1990; MuniozDorado et al., 1990; Lacombe et al., 1990; Stahl et al., 1991; Hama et al., 1991; Urano et al., 1992) . NDP kinase activity of nm23 protein has also been reported, indicating the identity of these two molecules (Urano et al., 1992a,b) .
A suppressor function of the nm23/NDP kinase molecule has been suggested by several rodent tumours that feature reduced expression of this gene in highly metastatic cell lines when compared to weakly metastatic sublines. These include a murine melanoma (Steeg et al., 1988a) , N-nitroso-Nmethylurea-induced rat mammary carcinoma (Steeg et al., 1988a) , and oncogene-transformed rat embryonic fibroblasts (Steeg et al., 1988b) . More direct evidence was provided by Leone et al. (1991) , who showed that transfection of the nm23 gene into a highly metastatic murine melanoma cell line resulted in a change of its metastatic potential.
In addition to these findings in experimental tumours, a relationship has been reported between the expression of nm23-H1, an isotype of the human nm23/NDP kinase gene, and the prognosis of human breast cancer. Breast cancer patients whose tumours showed reduced nm23-HI expression had a higher rate of lymph node metastasis, which may have reduced their survival (Bevilacqua et al., 1989; Hennessy et al., 1991; Barnes et al., 1991; Hirayama et al., 1991) . However, Haut et al. (1991) Northern blot analysis Each resected specimen was immediately frozen in liquid nitrogen. Total RNA was prepared by acid guanidinium thiocyanate-phenol-chloroform extraction (Chomczynski & Sacchi, 1987) . Twenty micrograms of isolated RNA was electrophoretically separated on 1% agarose gel containing formaldehyde and transferred to a nylon membrane (GeneScreen plus, Du Pont). Hybridisation and stringent washing were performed according to the manufacturer's directions. Probes were labelled with [a-32P]dCTP using a multiprime labelling kit (Amersham). For hybridisation studies, the BamHI-EcoRI fragment of pBSK-H1 was used as the probe (Urano et al., 1992a) . The radioactivity was determined using a BAS2000 bioimaging and analyser (Fuji) Immunoblotting Nonidet P-40 lysates containing 15 itg protein separated on 15% SDS-PAGE were electrophoretically transferred on to an Immobilon membrane (Millipore). nm23-HI protein was detected using a specific monoclonal antibody (mAb) directed against this protein (mAb HI -229, 1 pg ml1'). The details of mAb HI-229 specific for nm23-H1 protein are, described elsewhere Tokunaga et al., 1993) . Immunodetection was performed using an Enhanced Chemiluminescence Detection System (Amersham). The membrane was exposed to XAR-5 film (Kodak) for 30 s at room temperature. The protein concentration in the extracted samples were determined basically according to the Lowry method (Lowry et al., 1951) Reduced expression of nm23-HJ mRNA in tumours with liver metastasis The relationship between the level of nm23-HI mRNA expression, as determined from the ratio of nm23-HI transcripts in cancer tissue to that in the adjacent normal mucosa, and lymph node metastasis was analysed next. The average nm23-H ratio was 2.70 1.06 for lesions without lymph node metastasis and 2.05 0.96 for those associated with metastasis (Figure 3) , and there was no significant difference between the two groups. However, the average nm23-H1 expression ratio was significantly lower for lesions associated with liver metastasis than for those without such metastasis being 2.45 ± 1.02 vs 1.55 ± 0.63, respectively (P<0.05) (Figure 4 ). Figure 3 The relationship between nm23-H I expression and lymph node metastasis. There was no significant correlation between metastasis and the ratio of nm23-H 1 transcripts in cancer tissues to that in the adjacent normal mucosa. (Table III) . Immunohistochemical analysis of colorectal cancers using mAb Twenty-five samples of adjacent normal colonic mucosa showed only a low intensity of staining by mAb Hi-229, while much stronger staining was observed to a varying degree in the cancer tissues ( Figure 5) Figure 5 Immunoperoxidase staining of normal colonic mucosa and a well differentiated adenocarcinoma of the colon using monoclonal antibody HI -229. The adjacent normal colonic mucosa showed a low intensity of staining, whereas the tumour cells showed moderate cytoplasmic staining. reported that I-factor, which is most likely identical with nm23-M2 (a murine homologue of nm23-H2) (Urano et al., 1992b) , inhibits the differentiation of a murine myeloid leukaemia cell line, M1. These findings are suggestive of an inverse relationship between the numbers of nm23/NDP kinase molecules and cellular differentiation, so the differentiation of colorectal cancers may be linked to elevated expression of the nm23-HI gene.
There was no significant correlation between the level of expression of the nm23-HI gene and various clinicopathological parameters that we studied, including lymph node metastasis. These findings were in contrast with several Table I . analyses of human breast cancer in which an inverse correlation was observed between nm23-H1 expression and lymph node metastasis. We have also observed an inverse relationship between nm23-HI expression and the rate of lymph node metastasis in 130 breast cancer patients (Tokunaga et al., 1993) . We found that reduced expression of nm23-HI in primary breast cancer might be a prognostic factor for this disease independent of c-erbB-2 expression. In the current study of colorectal cancers, the level of nm23-H1 gene expression was relatively low in primary lesions with liver metastasis, though not lower than in the adjacent normal mucosal tissue. A similar finding was observed both at the mRNA level by Northern blotting and at the protein level by immunohistochemistry. Haut et al. (1991) reported that in colorectal cancer no inverse relation was found between nm23 expression and metastatic potential. In their analysis however, two out of three cases with distant metastasis also show relatively low expression of nm23, which might be compatible with our findings, though the number is small. A probable antimetastatic function of the nm23-Hl gene in human colorectal cancers was previously suggested by Cohn et al. (1991) who observed allelic deletion of nm23-H1 in tumours associated with distant metastasis. Their findings may be in agreement with ours, although we could not examine whether a low level of nm23-H 1 expression was accompanied by allelic deletion in this study. Analysis of other larger cohorts of colorectal cancer is needed to examine the wider applicability of our findings. Additionally, it is essential to determine which functional properties of nm23/ NDP kinase are related to the suppression of metastasis in human and rodent tumours.
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